Here we report the effect of structural and superconductivity properties on Ru doped CuIr2Te4 telluride chalcogenide. XRD results suggest that the CuIr2-xRuxTe4 maintain the disordered trigonal structure with space group P3 ̅ m1 (No. 164) for x ≤ 0.3. The lattice constants, a and c, both decrease with increasing Ru content. Temperaturedependent resistivity, magnetic susceptibility and specific-heat measurements are performed to characterize the superconducting properties systematically. Our results suggest that the optimal doping level for superconductivity in CuIr2-xRuxTe4 is x = 0.05, 
Introduction
The group of AB2X4 materials, with metallic A and B elements and X a chalcogen (O, S, Se, Te), has attracted much attention since it offers a versatile range of relevant physical properties. Generally speaking, the oxyspinels (AB2O4) are semiconductors with antiferromagnetic interactions, whereas the sulphospinels exhibit a much richer physical properties, such as metallic conduction, ferromagnetic, superconductivity, semiconductivity as well as antiferromagnetic interactions and so on. [1] [2] [3] [4] [5] [6] [7] [8] Especially, the copper chalcogenide (CuB2X4) spinels have attracted remarkable attention due to their peculiar superconductivity and magnetism.
Copper chalcogenide CuIr2S4, for example, exhibits a temperature-induced metalinsulator (M-I) transition at 226 K, which is highly possibly attributed to the dimerization between Ir ions and the Jahn-Teller effect. [9] [10] [11] [12] [13] However, the isostructural CuIr2Se4 spinel remains metallic at ambient pressure, while above 4 GPa it exhibits semi-conductive behavior in the temperature range of 7-300 K. 9, 14 On the other hand, CuRh2S4 and CuRh2Se4 spinel are well known as superconductors with Tc = 4.35 K and Tc = 3.50 K, respectively. [15] [16] [17] [18] [19] Strikingly, copper chalcogenide spinel CuV2S4 superconducts at 4.45-3.20 K and shows three charge density wave (CDW) states (TCDW1 = 55 K, TCDW2 = 75 K, TCDW3 = 90 K). [20] [21] It is well known that chemical doping can efficiently tune the crystal and electronic structures of copper chalcogenide spinels, leading to the formation of novel physical properties. For example, the M-I transition was decreased with the increase of Se substitution for S at X-site of CuIr2S4 or Rh substitution for Ir at B-site of CuIr2S4. [24] [25] Besides, on Zn substitution for Cu in the Cu1-xZnxIr2S4 solid solution, the M-I transition can be suppressed and superconductivity appears, with a maximum Tc of 3.4 K near x = 0.3. 27 Moreover, the superconductivity can be observed for Cu(Ir1-xPtx)2Se4 (0.1 ≤ x ≤ 0.35) with a maximum Tc = 1.76 K near x = 0.2 with Pt substitution for Ir in the CuIr2Se4 solid solution. 28 Unlike CuB2X4 sulpho-or seleno-compounds with cubic spinel structure, CuB2X4
copper chalcogenide telluro-compounds tend to possess lower dimensional structure.
Recently, some reports suggested that low dimensionality leads to special electronic structures and allows relatively strong fluctuations, which may enhance superconductivity, even though charge-density wave (CDW) sometime competes, especially in the quasi-one-dimensional case. 22 Intrigued by this issue, we recently have systematically studied the properties of CuIr2Te4, which adopts a disordered trigonal structure with space group P3 ̅ m1, 23 and found coexistence of the superconducting (Tc = 2.5 K) and CDW (TCDW = 250 K) in the copper telluride chalcogenide CuIr2Te4. 24 According to our previous calculation study, we find both orbital projected band structure and density of state, the bands near the Fermi energy EF mainly come from Te p and Ir d orbitals, similar to that of CuIr2S4 in spinel structure. 24 Therefore, it is reasonable to tune superconductivity properties by tuning the Fermi energy EF of Advance ECO with Cu Kα radiation and a LYNXEYE-XE detector. To determine the unit cell parameters, profile fits were performed on the powder diffraction data in the FULLPROF diffraction suite using Thompson-Cox-Hastings pseudo-Voigt peak shapes. 29 Measurements of the temperature dependent electrical resistivity (4-point method), specific heat, and magnetic susceptibility of the materials were performed in a DynaCool Quantum Design Physical Property Measurement System (PPMS). There was no indication of air-sensitivity of the materials during the study. Tcs determined from susceptibility data were estimated conservatively: Tc was taken as the intersection of the extrapolations of the steepest slope of the susceptibility in the superconducting transition region and the normal state susceptibility; for resistivities, the midpoint of the resistivity ρ(T) transitions was taken, and, for the specific heat data, the critical temperatures obtained from the equal area construction method were employed. at the field when M deviates by ∼ 1 % above the fitted data (Mfit), as is the common practice. 30 We can calculate the lower critical field μ0Hc1(T) in the consideration of the demagnetization factor (N), via using the relation μ0Hc1(T) = μ0Hc1 * (T)/ (1 − N).
Results and Discussion
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The main panel of Table 1) , which is higher than that of the host compound CuIr2Te4.
With the purpose of estimating the critical field μ0Hc2(0), we examined temperature dependent electrical resistivity at various applied fields ρ(T, H) for CuIr1.95Ru0.05Te4
sample. sample shows the well linearly fitting, which is represented by solid line. The value of fitting data slope (dHc2/dT) of CuIr1.95Ru0.05Te4 sample was shown in Table 1 . We can estimate the zero-temperature upper critical field (0Hc2(T)) of 0.247 T for CuIr1.95Ru0.05Te4 from the data, using the Werthamer-Helfand-Hohenberg (WHH) expression formula μ0Hc2(T) = -0.693Tc (dHc2/dTc) for the dirty limit superconductivity. [33] [34] [35] [36] [37] The obtained 0Hc2(T) for CuIr1.95Ru0.05Te4 is two times higher than that of the pristine CuIr2Te4, as summarized in Table 1 . In addition, the Pauli limiting field (0H P (T)) of CuIr1.95Ru0.05Te4 can be calculated from 0H P (T) = 1.86Tc.
The calculated values of 0H P (T) was also larger than that of the host compound CuIr1.95Ru0.05Te4 ( Table 1) .
Temperature-dependent specific-heat measurements were performed with the exception of magnetic susceptibility and resistivity measurements to confirm that superconductivity is an intrinsic property of CuIr1.95Ru0.05Te4. As it can be seen, there is large anomaly hump in the specific heat data, which agrees with bulk superconductivity in CuIr1.95Ru0.05Te4.
The superconducting transition temperature (Tc) can be confirmed by equal-entropy constructions of the idealized specific-heat capacity jump (shown with purple shading).
The Tc of CuIr1.95Ru0.05Te4 was determined to be 2.72 K, which is very close to the Tcs obtained from the resistivity and magnetic susceptibility measurements. Further, we got the values of γ and β (Fig. 5 ) from fitting the data got under 3 tesla applied field in temperature range of 2 -10 K. The normalized specific heat jump value ∆C/γTc obtained from the data (inset of Fig. 5 ) was 1.51 for CuIr1.95Ru0.05Te4, which is higher than the Bardeen-Cooper-Schrieffer (BCS) weak-coupling limit value (1.43), confirming bulk superconductivity. Then we obtain the Debye temperature by the formula ΘD = (12π 4 nR/5β) 1/3 by using the fitted value of β, where n is the number of atoms per formula unit and R is the gas constant. Thus, we can estimate the electron-phonon coupling γ with the γ and λep. We got the value that N(EF) = 2.92 states/eV f.u. for CuIr1.95Ru0.05Te4 and N(EF) = 2.72 states/eV f.u. for CuIr2Te4 (Table 1 ). This result indicates that the higher density of electronic states at the Fermi energy matched the higher transition temperature due to the Ru doping into CuIr2Te4.
To further understand the effect of doping on superconducting transition temperature, and then decreases until it reaches its minimum value at x = 0.3, which displays a good material platform for further study the competition between CDW and superconductivity. 
